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Abstract - The objective of this work was to assess the effect of editing and modeling of milk production 
data for genetic evaluation of Murrah buffaloes. Six strategies for evaluating milk production were analyzed: 
observed milk production (OMP); adjustment of milk production data to 305 (MP305) and 270 (MP270) days 
of lactation; removal of the 5 (MP5%) and 10% (MP10%) shortest lactation periods; and milk production 
along the lactation period as linear covariate (MPCO). Genetic parameters were estimated using the Bayesian 
inference, with heritability estimates of 0.19 to 0.23 and repeatability estimates of 0.35 to 0.36. Sires classified 
by OMP were high correlated to those classified by the other models, however, correlations to MP270, 
MP305 and MPCO decreased when considering only the best 20% sires. OMP showed greater differences 
in absolute mean deviations when compared with MPCO, MP270 and MP305. The strategies of analysis had 
similar heritabilities and stabilities. However, changes in the ranking of sires with better classifications, due 
to overestimation of genetic values, as occurred in the models MP305, MP270 and MPCO, may lead to a 
decrease in the genetic progress of the herd.
Index terms: Bubalus bubalis, lactation period, genetic parameters, bull summary.
Edição e modelagem de dados de produção de leite 
para avaliação genética de buffalos de Murrah
Resumo — O objetivo deste trabalho foi verificar as consequências da edição e modelagem da produção de 
leite para avaliação genética de bubalinos da raça Murrah. Foram analisadas seis estratégias para avaliação 
da produção de leite: produção de leite observada (PL_OBS); ajuste para a produção de leite aos 305 dias 
(PL_305) e aos 270 dias (PL_270); exclusões dos 5 e 10% menores períodos de lactação (PL_5% e PL_10%) 
e duração da lactação como covariável linear (PL_CO). Os parâmetros genéticos foram estimados por meio 
de inferência Bayesiana, com estimativas de herdabilidades e repetibilidades de 0,19 a 0,23 e 0,35 a 0,36, 
respectivamente. Touros classificados pelo PL_OBS apresentaram altas correlações com os que foram 
classificados pelos outros modelos. Contudo, ao considerar apenas os 20% melhores touros, verificou-se 
diminuição das correlações de PL_270, PL_305 e PL_CO com PL_OBS. Maiores diferenças dos desvios 
médios absolutos do PL_OBS foram com PL_CO, PL_270 e PL_305. As estratégias de análise apresentaram 
herdabilidades  e estabilidade semelhantes. Contudo, as inversões de posições dos touros com melhores 
classificações, como consequencia das superestimativas dos valores genéticos nos modelos PL305, PL270 e 
PL_CO podem acarretar em diminuição do progresso genético nos rebanhos.
Termos para indexação: Bubalus bubalis, duração da lactação, parâmetros genéticos, sumário de touros.
Introduction
The number of buffaloes (Bubalus bubalis) have 
been increasing in the Brazilian livestock due to their 
rusticity, longevity, high adaptive capacity to adverse 
conditions (Joele et al., 2013; Barros et al., 2016; Santos 
et al., 2016) and resistance to diseases and endo and 
ectoparasites (Hurtago-Lugo et al., 2013). 
These animals have double suitability (milk and 
meat) and for many years were reared as a secondary 
activity in Brazilian farms. However, dairy products 
from buffalo milk, such as yogurts, cheeses, ricotta 
and especially mozzarella, have reached high market 
values (Araújo et al., 2012; Barros et al., 2016). 
Therefore, the need for investments in sanitary, 
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nutritional and genetic improvements has become 
necessary to increase productive and reproductive 
potentials of buffalo herds (Hurtago-Lugo et al., 2013; 
Ramos et al., 2013).
Murrah is the main buffalo genetic group for milk 
production in Brazil, which has average milk production 
of 1,496 to 2,130 kg per lactation (Marcondes, 2011; 
Tonhati et al., 2013). However, lactation periods of 
buffalo cows have large amplitude, varying from 150 
to 301 days (Tonhati et al., 2007; Baldi et al., 2011; 
Marcondes, 2011; Malhado et al., 2013; Rangel et al., 
2014), reinforcing the importance of assessing strategies 
for genetic evaluations of dairy buffaloes, improving 
predictions of genetic values of sires.
The adjustment of milk production data to 305 days 
of lactation is commonly used for genetic evaluations of 
Brazilian dairy cattle (Costa et al., 2012; Panetto et al., 
2015; Silva et al., 2015). Only three genetic evaluation 
summaries of buffaloes were published in Brazil and 
in the first two, milk productions were adjusted to 
270 and 305 days of lactation (Ramos, 2001; Ramos 
et al., 2004). This adjustment was also used by Rassi 
et al. (2009) and Malhado et al. (2007) to correlate 
partial and total milk production and estimate genetic 
parameters and trends, respectively. The adjustment of 
milk production data to 305 days of lactation was used 
in the third summary (ABCB, 2006). Other studies 
estimated genetic parameters and values in buffaloes 
using milk production as a covariate (Tonhati et al., 
2007; Rodrigues et al., 2010; Baldi et al., 2011).
However, no studies assessing effects of editing and 
modeling of milk production for estimating genetic 
parameters and values of buffaloes are found in the 
literature. Moreover, several authors have reported the 
effect of data editing in genetic evaluations (Cardoso 
et al., 2009; Facó et al., 2009; Malhado et al., 2013). 
The objective of this work was to assess the effect 
of editing and modeling of milk production data for 
genetic evaluation of Murrah buffaloes, to assist in 
genetic researches and evaluations.
Material and Methods
The experiment was performed in 2015 with 
lactation data of 2,952 buffalo cows of the Murrah 
breed from the Promebul Buffalo Breeding Program. 
Ten herds were evaluated, which were part of ten 
farms in the States of Bahia, São Paulo, Ceará, Pará, 
Minas Gerais, Rio Grande do Norte and Paraná. The 
mean and standard deviation of total milk production 
and lactation period were 1649.99±659.54 kg and 
271.34±46.59 days, respectively.
Contemporary groups were divided by year of 
birth (21), calving season (May to July, August to 
October, November to January and February to April) 
and herd (10). The strategies proposed to evaluate 
milk production of buffalo cows were: observed 
milk production (OMP) without adjustment, used as 
comparative parameter to data with editing; adjustment 
of milk production data to 305 (MP305) and 270 
(MP270) days of lactation, performed by interpolation; 
removal of the 5 (MP5%) and 10% (MP10%) shortest 
lactation periods, delimited by quartiles  at 5 (199 days) 
and 10% (217 days), i.e., exclusion of lactations shorter 
than 199 (5%, representing 152 animals) and 217 (10%, 
representing 302 animals) days; and milk production 
along the lactation period as linear covariate (MPCO).
The statistical model used to describe milk 
production was Y X Za Wpe ePL = + + +β  wherein Y 
is the vector of observation of the variable dependent 
on milk production (OMP, MP305, MP270, MP5%, 
MP10% and MPCO); β is the vector of fixed effects 
(contemporary groups, calving order and number 
of milking), βMPCO is the covariant lactation period 
(linear) for the model MPCO, related to Y by the 
incidence matrix X; 𝑎 is the vector of random effect 
of additive genetic value of the animal, related to Y 
by the incidence matrix Z; pe is the vector of random 
permanent environmental effects, related to Y by the 
incidence matrix W; and e is the vector of random 
error effects. 
The statistical models were determined and the 
densities of the variance components were obtained by 
samples generated by the Markov chain Monte Carlo 
(MCMC), using the Gibbs sampler in the program 
GIBBS3F90 (Misztal, 2012). Chains of 220,000 or 
500,000 iterations were used, with discard (burn-in) 
of 20,000 or 50,000 samples and a rescue interval 
(thin) of 50 samples. The convergence diagnosis was 
performed following the Geweke method, using the 
BOA (Bayesiam Output Analysis) package of the R 
program (R Core Team, 2008).
The models were compared by using the Cross 
Validation technique, Akaike information criterion 
(AIC) and Bayesian information criterion (BIC). 
Spearman correlations between the bull classifications 
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were performed to compared the estimates of genetic 
values of the models, using the seven models, in the 
R program. First, all sires were subjected to these 
analyzes, then only the best sires (20%) with at least 
five progenies with milk production, and finally the 
eight best sires, which were used to calculate the 
differences of the absolute mean deviations (AMD) 
of the adjusted models in relation to OMP, using the 
model:
AMD
ai aj
n
i
n
=
∑ −( )=1
2 
where in âi is the genetic value estimated by OMP, âj 
is the genetic value estimated by the models (MP270, 
MP305, MP5%, MP10% and MPCO), and n is the 
the sample size. The lower the estimated value of the 
AMD, the better the adjustment.
Results and Discussion
The correlation of the models through Cross 
Validation showed similar values for OMP (0.76), 
MP10% (0.76), MPCO (0.76), MP305 (0.75), MP5% 
(0.75) and MP270 (0.74). Thus, these models were 
similar, since close correlations denote similar 
stabilities (Urioste et al., 2007). 
Lower values by the Akaike information criterion 
(AIC) and Bayesian information criterion (BIC) denote 
better fitting of the model for genetic evaluations 
(Aliloo et al., 2014). Thus, the best models were 
MP10%, MP5%, MP270, MPCO, MP305 and OMP 
(Table 1). However, the models MP5% and MP10% 
may have been favored by data exclusions with the 
quartiles values at 5 (lactation periods shorter than 
199 days) and 10% (lactation periods shorter than 217 
days).
Discarding of information by data editing has been 
contested, since it may decrease genetic variability 
in population evaluations (Cunha & Melo, 2012). 
Therefore, the exclusion of short lactations can bias 
estimates, affecting the actual variability of the 
characteristic and genetic differences between animals 
(Madalena et al., 1992). However, according to Facó 
et al. (2009) elimination of short lactations does 
not decrease genetic variability, but contribute to a 
substantial decrease of residual variance.
The heritability coefficients of the models ranged 
from 0.19 to 0.23, denoting a small variation in the six 
models evaluated (Table 2). The models showed similar 
repeatability (0.35 to 0.36). According to the interval 
of credibility, the estimates of the models had no 
significant differences in heritability and repeatability.
The heritabilities of the models denote possibility 
of genetic gain for milk production through selection. 
These results confirm those reported in other studies 
that found heritabilities ranging from 0.20 to 0.25 
(Malhado et al., 2007; Rodrigues et al., 2010; Tonhati 
et al., 2013). The repeatability of the models was low, 
preventing to predict future productions in the first 
lactations. Similar or higher estimates of repeatability 
were found by Ramos et al. (2013) (0.38) and Malhado 
et al. (2013) (0.50) in Murrah buffalos.
The heritabilities of the models MP270 (0.22) 
and MP305 (0.23) were similar to those found in the 
literature for buffaloes with adjustments for 270 days 
(Malhado et al., 2007; Rodrigues et al., 2010) and for 
305 days (Aspilcueta-Borquis et al., 2010).
The lowest estimates of heritabilities of the models 
MP10% (0.19) and MP5% (0.20) were due to the 
exclusions of lactation data by genetic reasons. The 
variance due to permanent environmental effects 
decreased when excluding 10% of the short lactations, 
also denoting that environmental variations can 
permanently affect milk production of buffalo cows.
Baldi et al. (2011) evaluated milk production of 
Murrah buffaloes with exclusions of lactations shorter 
than 90 and 150 days and found higher variance of 
permanent effect when using exclusions. Madalena et 
al. (1992) recommended not to exclude short lactations, 
avoiding decreasing variance and biasing estimates, 
Table 1. Average estimates by the Akaike Information 
Criterion (AIC) and Bayesian Information Criterion (BIC).
Model(1) AIC BIC
OMP 44112.93 44154.85
MP305 44006.70 44048.60
MP270 43047.10 43089,00
MP5% 41935.60 41977.20
MP10% 39756.00 39797.20
MPCO 43448.10 43496.10
(1)OMP, observed milk production; MP305, adjustment of milk production 
data to 305; MP270, adjustment of milk production data to 270 days; 
MP5%, removal of the 5% lower milk productions; MP10%, removal of 
the 10% lower milk productions; and MPCO, milk production along the 
lactation period as linear covariate.
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and indicated to exclude only results from abnormal 
productions, with errors in data collection and from 
cows with diseases.
The estimate of heritability of the model MPCO was 
0.23, similar to the MP305. Other authors found no 
decreased variability with this covariate, but a decreased 
heritability compared with models by multiplicative 
correction factors and adjusted to 270 and 305 days of 
lactation (Tonhati et al., 2007; Baldi et al., 2011). 
Correlations of bull classification by OMP with 
those by the other models were high and significant 
(Table 3). This result denotes high maintenance of 
classification rankings in relation to OMP. However, 
correlations of OMP with MP305, MP270 and MPCO 
decreased when considered only the classification of 
the 20% best sires (Table 3). This result may lead to 
inappropriate choices of sires for breeding, especially 
Table 2. Estimates of the covariance components, heritability, repeatability and descriptive analyzes of milk production of 
Murrah buffaloes through six statistical models.
Model(1) Descriptive 
analyzes(2)
Parameter(3)
σ2a σ2pe σ2e σ2p Heritability (h2) Repeatability
OMP
Mean 54813.81 39100.75 171405.84 265320.41 0.21 0.35
CV (%) 23.24 26.25 3.36 3.35 21.26 6.73
IC (95%) 30670-80050 20080-60510 160300-182700 248470-283090 0.12-0.29 0.31-0.40
SE 201.45 162.30 91.06 140.67 0.00071 0.00038
MP305
Mean 57733.72 32286.86 164090.75 254111.33 0.23 0.35
CV (%) 20.28 28.07 3.32 3.31 18.66 6.66
IC (95%) 36450-81760 15220-49780 153200-174300 204870-305840 0.18-0.27 0.25-0.43
SE 185.11 143.28 86.03 132.81 0.00067 0.00037
MP270
Mean 44846.73 27053.31 127952.15 199852.2 0.22 0.36
CV (%) 21.29 27.47 3.36 3.36 19.57 6.51
IC (95%) 27990-64540 11930-40800 120000-136100 159920-241440 0.18-0.27 0.25-0.44
SE 150.95 117.52 67.88 106.18 0.00069 0.00037
MP5%
Mean 49541.07 42371.5 169239 261151.57 0.19 0.35
CV (%) 26.43 25.36 3.42 3.4 24.84 6.82
IC (95%) 24360-74800 20190-62520 158800-181400 202250-318720 0.12-0.23 0.22-0.43
SE 207.01 169.91 91.42 140.25 0.00074 0.00038
MP10%
Mean 52969.21 41219.78 169064.67 263253.67 0.20 0.36
CV (%) 26.19 27.28 3.66 3.56 24.54 7.02
IC (95%) 25770-79960 19860-63080 156900-80800 202530-265370 0.13-0.30 0.23-0.46
SE 219.31 177.78 97.72 148.34 0.00078 0.0004
MPCO
Mean 48533.78 27930.28 133914.7 210378.76 0.23 0.36
CV (%) 20.92 28.21 3.29 3.36 19.18 6.35
IC (95%) 28670-68050 12530-43010 125500-142400 166700-253460 0.17-0.27 0.25-0.44
SE 160.55 124.59 69.63 111.7 0.0007 0.00036
(1)OMP, observed milk production; MP305, adjustment of milk production data to 305; MP270, adjustment of milk production data to 270 days; MP5%, 
removal of the 5% lower milk productions; MP10%, removal of the 10% lower milk productions; and MPCO, milk production along the lactation period 
as linear covariate. (2)IC, interval of credibility at 95% for the components of variance; and SE, standard error. (3)σ2a, additive genetic variance; σ2pe, 
permanent environmental variance; σ2e, residual variance; σ2p, phenotypic variance. 
due to the overestimation of genetic values by the 
models MP305, MP270 and MPCO. The models MP5% 
and MP10% had slightly increased correlations, which 
was expected, since the exclusion of the 5% or 10% 
shortest lactation periods can alter results of the worst 
sires, with little or no effect on the best sires.
Sires classified by OMP were similar to those 
classified by the other models for the two best sires 
(Table 4). The greatest variations in the classification 
were observed in the subsequent positions, especially 
in the models MPCO, MP305 and MP270, confirming 
the greater differences of the absolute mean deviations 
(AMD) of the eight best sires, with differences of 
45.37 (MPCO), 48.62 (MP270), 34.75 (MP305), 31.50 
(MP5%) and 28.00 (MP10%) in relation to OMP.
Considering the information of OMP, selection 
intensity of 1.38 (retention of 2% of males and 80% of 
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females), heritability of 0.21 and phenotypic standard 
deviation of 682.4 kg, the annual genetic gains would 
be 198 kg per generation. However, despite the small 
differences in genetic values  (GV) and classifications 
of sires by the models, differences were apparent due 
to the use of breeding sires. For example, the selection 
of the bull 2188 (GV = 243 kg) as the third best bull 
by the models MP270, MP305 and MPCO, instead 
of the bull 3648 (GV = 309 kg), which was classified 
as third best by OMP, would lead to a difference of 
33 kg (16.66% of 198 kg) in the GV of the progeny, 
which would be an effect of the overestimated GV 
of the bull 2188 by the models MP270, MP305 and 
MPCO.
These results confirm those found by Facó et al. 
(2009), who reported that the adjustment of milk 
production data considering lactation periods leads to 
erroneous conclusions in comparing genetic groups of 
Dutch and Gir dairy cattle and in classifying animals 
by genetic merit. According to these authors, the 
removal of short lactation periods was an adequate 
decision to improve quality of genetic evaluations.
Table 3. Spearman correlation between classifications of all Murrah sires, and Spearman correlation between classifications 
of the 20% best Murrah sires, with at least five progenies under lactation(1).
Model(2) MP305 MP270 MP5% MP10% MPCO
OMP 0.93*** 0.93*** 0.96*** 0.92*** 0.93***
OMP 20% 0.80* 0.86** 0.98*** 0.93*** 0.87**
(1)MP305, adjustment of milk production data to 305; MP270, adjustment of milk production data to 270 days; MP5%, removal of the 5% lower milk 
productions; MP10%, removal of the 10% lower milk productions; and MPCO, milk production along the lactation period as linear covariate. (2)OMP, 
observed milk production; OMP 20%, observed milk production considering the 20% best sires of the breed. ***, *** and *Significantly at 0.1, 1, and 
5% probability, respectively. 
Table 4. Genetic values and classifications of the eight best Murrah buffalo sires (in parentheses) with at least ten progenies 
under lactation, using six statistical models(1).
Bull OMP MP305 MP270 MP5% MP10% MPCO LP GV MP
3227
571 579 519 532 545 532 281.15 546.33 2334.48
(1) (1) (1) (1) (1) (1) ±40.59 ±23.81 ±594.50
958
395 386 332 360 369 354 292.73 366 2118.03
(2) (2) (2) (2) (2) (2) ±36.10 ±22.74 ±1004.80
3648
309 282 248 250 266 274 289.81 271.5 2130.02
(3) (5) (5) (3) (3) (4) ±42.54 ±22.6 ±721.54
2188
243 300 315 232 265 314 260.04 278.16 1571.25
(4) (3) (3) (4) (5) (3) ±49.61 ±36.49 ±612.48
876
237 321 286 208 218 270 244.18 256.66 1415.87
(5) (4) (4) (6) (6) (5) ±38.62 ±43.42 ±303.66
3649
195 246 216 217 266 234 247.50 229 1883.72
(6) (6) (6) (5) (4) (6) ±39.95 ±25.1 ±869.49
2327
172 152 141 150 172 117 286.27 150.66 2038.93
(7) (11) (9) (7) (8) (11) ±48.20 ±20.68 ±663.37
950
150 128 110 115 133 100 243.61 122.66 1725.25
(8) (16) (15) (10) (10) (18) ±36.14 ±17.97 ±248.66
(1)OMP, observed milk production; MP305, adjustment of milk production data to 305; MP270, adjustment of milk production data to 270 days; MP5%, 
removal of the 5% lower milk productions; MP10%, removal of the 10% lower milk productions; and MPCO, milk production along the lactation period 
as linear covariate. LP, mean and standard deviation of lactation period; GV, mean and standard deviation of genetic value; and MP, mean and standard 
deviation of milk production.
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Conclusions
1. The genetic parameters found with the different 
strategies of data editing and modeling used are 
similar.
2. Significant changes in the genetic values of the 
Murrah buffaloes due to the data editing and modeling 
cause significant changes in the classification of the 
best sires, since the genetic values are overestimated 
or underestimated, which can lead to an inappropriate 
choice of breeding sires, compromising the genetic 
progress.
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